S1.3: Synthetic methodology. 4-(4-
mmol) in dimethylacetamide (40 cm 3 ) was purged with argon for 20 min. To this solution palladium acetate (0.122 g, 4 mol) was added prior to purging for a further 5 min. The reaction mixture was heated at 100 C for 18 h then allowed to cool to room temperature.
Water (200 cm 3 ) was added to the reaction mixture prior to extracting with diethyl ether (2 x 150 cm 3 ). The combined ether extract was washed with brine (2 x 100 cm 3 ) and dried over Na 2 SO 4 prior to the removal of the solvent. The product was purified by column chromatography over silica gel with a 1:1 mixture of petroleum ether / dichloromethane as eluent to afforded the product as a white solid (3.18 g, 57 %). n max (neat)/cm 1 3-Bromo-5-(4-(2,6-dioxolanyl)phenyl)-2-methylthiophene (2): A stirred solution of 1 (3.18 g, 11.3 mmol), 1,3-propandiol (1.72 g, 23.0 mmol) and p-TsOH (0.10 g, 5 mol%) in toluene (40 cm 3 ) was heated at reflux overnight using a Dean Stark apparatus. The toluene was then removed under reduced pressure and the resulting residue taken up in diethyl ether (150 cm 3 ). The ether solution was washed with water (100 cm 3 ) and brine (100 cm 3 ) prior to drying over Na 2 SO 4 and removal of the solvent under vacuum. The product was purified with column chromatography on silica gel by elution with petroleum ether / DCM (4:1) to afford 2 as a white solid (3.3 g, 87 %). 1 3-Bromo-2-methyl-5-phenylthiophene (3): 2 A stirred solution of 2-methyl-3-bromothiophene (3.54 g, 20 mmol), bromobenzene (3.14 g, 20 mmol), pivalic acid (0.80 g, 8 mmol) and potassium carbonate (6.60 g, 48 mmol) in dimethylacetamide (40 cm 3 ) was purged with argon for 20 min. To this solution palladium acetate (0.122 g, 4 mol) was added prior to purging for a further 5 min. The reaction mixture was heated at 100 C for 18 h then allowed to cool to room temperature. Water (200 cm 3 ) was added to the reaction mixture prior to extracting with diethyl ether (2 x 150 cm 3 ). The combined ether extract was washed with brine (2 x 100 cm 3 ) and dried over Na 2 SO 4 prior to the removal of the solvent. The product was purified by column chromatography over silica gel using petroleum ether as the eluent to afford 3 as a white solid (2.9 g, 58 %). n max (neat)/cm 1 
S2. Experimental spectroscopic procedure.
The D35 organic dye sensitiser and chenodeoxycholic acid coadsorbent (CDCA) were sourced from Dyenamo and Sigma-Aldrich, respectively. The photochromic DTE dye was synthesised as described above. The structures of these molecules are shown in Figure 1 . Absorption spectra of the samples were obtained by placing several drops of the prepared NP solution on a sample holder, followed by air drying and examination with diffuse reflectance absorption spectroscopy (Thermo Scientific Evolution 220 Spectrophotometer).
The bare zirconia NPs were used as a baseline reference for the spectra. Fluorescence measurements of the samples were obtained by placing a few drops of the prepared NP solution on a glass slide, followed by air drying. The slide was then inserted into a vacuum chamber containing 50 Torr of nitrogen buffer gas, which collisionally cooled the laser-heated molecules.
For dispersed emission experiments, the samples were excited with a laser beam The time-resolved fluorescence decay curves were fitted using a stretched exponential decay function convoluted with the IRF (FAST software, Edinburgh Photonics):
where I 0 is the initial intensity, t c is the characteristic lifetime, and b is the dispersion parameter. Fitted parameters were used to determine the average lifetime, t:
The stretched exponential function is used because the fluorescence decays of dye sensitizers on metal oxide surfaces are nonexponential due to the disordered nature of the dye/surface interface (e.g., surface inhomogeneities, different dye binding modes), with the b parameter accounting for this distribution. 4 Furthermore, the stretched exponential function can fit non-exponential decays with a limited number of variable parameters, leading to a reliable and systematic approach for analysing the data. The derived t values are proportional to the integrated areas under the fluorescence decay curves (once deconvoluted for the IRF).
An estimate of the Förster Resonance Energy Transfer (FRET) quantum yield (F FRET )
for the D35+DTE-Zr sample can be made using the t values for the D35 donor dye in the absence (t D35 ) and presence (t D35+cDTE ) of the UV-activated c-DTE acceptor dye:
Similarly, an estimate of the electron injection quantum yield (F inj ) can be made using t values for the D35 dye on the insulating zirconia NPs (t ZrO 2 ) and on the injecting titania NPs (t TiO 2 ):
This approach assumes that radiative and internal conversion rates for D35 on zirconia
NPs are the same on titania NPs. For the c-DTE !o-DTE kinetic recovery experiments, the emission of the sample was collected (l ex = 440 nm, ⇠5 mW/cm 2 , 20 sec), followed by UV irradiation (l ex = 365 nm, ⇠20 mW/cm 2 , 40 sec), followed by repeated emission collection (l ex = 440 nm, ⇠5 mW/cm 2 , 20 sec) and visible irradiation (l ex = 440 nm or 560 nm, ⇠15 mW/cm 2 , 600 sec). The kinetic data were fitted using a modified single exponential function:
where the parameters are shown in Figure 3 . 
S3. Absorption spectra.
300 400 500 600 700 800 Wavelength / nm 300 400 500 600 700 800 300 400 500 600 700 800 value for D35+DTE-Zr is believed to be due to FRET involving a small population of c-DTE that is initially present before UV irradiation.
S5. Molecular orbital energy levels.
The alignment of the HOMO and LUMO for the D35 dye and ring-open and ringclosed isomers of the DTE dye with the titania conduction band are shown in Figure 6 . The data were calculated using the oxidation potentials reported for the dyes and the S 1 S 0 origin transition energies, [5] [6] [7] [8] which are estimated from the intersection of the normalised absorption and emission bands. Because no emission data is available for o-DTE, we use the onset of the S 1 S 0 absorption band. 
S8. Estimation of the Förster distance.
The Förster distance is the separation between a donor-acceptor pair where F FRET = 0.50.
A theoretical calculation of R 0 can be made using the parameters that dictate the FRET efficiency for a donor-acceptor pair: the donor's fluorescence quantum yield (F R ), the degree of overlap between the donor's emission and acceptor's absorption spectra, i.e., overlap integral (J), the relative alignment of the donor and acceptor's transition dipole moments, i.e., orientation factor (k 2 ), and refractive index of the host medium (n): 10
The overlap integral (J) is calculated by:
where l is the wavelength of light, F D (l) is the intensity of the fluorescence spectrum of the donor at that wavelength (when the integral of the donor's fluorescence band is normalised), and # A (l) is the molar extinction coefficient of the acceptor at that wavelength.
We have previously estimated the F R of the FRET donor D35 to be 0.41 when attached to a zirconia surface. 11 For the calculation of J, the molar extinction coefficient used for the c-DTE FRET acceptor is 15600 M 1 cm 1 , which is the value reported for the DTE dye without the carboxylic acid group. 9 For k we use 0.476, recommended for randomly distributed, but static donor-acceptors, 10 with n being 1.68. 11 The D35+c-DTE pair is calculated to have R 0 = 3.9 nm.
